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We, Kaei, Hamm and Kvtrt Bbxs^dx^ 
both Citizens of Grermany and Engineers, 
of 118—30, 155th Street, Jamaica, ITew 
York, and 530, Biverside Drive, How 
© York City, United States of America, 
respectively, do hereby declare the nature 
of this invention and in what maimer the 
same h to be performed, to be particularly 
described and ascertained in and by the 

10 following statement : — i 

This invention relates to power plants 
of the continuous combustion type, and 
more particularly is directed to an im- 
proved method for converting the energy 

15 of continuously burning fuel into mech- 
anical energy and to novel apparatus for 
practising the improved method, said 
apparatus and method herein described 
being particularly adapted to furnish 

SO motive power for transportation equip- 
ment. 

It is contemplated in practising this 
invention to use power plant units 
arranged and operated in a novel manner 

25 in which fuel is continuously burnt to 
generate a steam supply for a turbine, the 
gases of combustion after generating the 
steam supply being further utilized by a 
gas turbine. In the method of operation 

®0 here described an oil burner may be used 
to atomize and burn crude oil in a cham- 
ber under pressure greater than atmo- 
spheric. The heat extracted from the 
gase& of combustion in passing through a 

35 boiler cools the gases sufficiently for prac- 
tical use in the gas turbine* thus eliminat- 
ing difficulty heretofore experienced with 
turbine parts exposed to combustion gases 

f of high temperatures. One object >of the 

£0 invention is to provide and operate an 
improved power plant of the character 
described utilizing fuel combustion appa- 
ratus, boilers, gas and steam turbine&y a^nd 
condensers in novel combination whereby 

!£5 said ^ power ^ plant is made suitable to 
furnish motive power for vehicles, aero- 
planes, dirigibles and the like 

Another object of the indention is to 
provide an improved method of the char- 

W acteT described for converting the energy 
of continuously burning fuel into 
mechanical energy which is simple to 
carry out, the combustion of the fuel aij.3 
[Price 



conversion of the energy derived therefrom 
being carried out within the limits moat 55 
practical and efficient for utilisation by 
tile units forming the power plant. 

One feature of the invention is to bleed, 
that is, -abstract steam from a compara- 
tively high pressure stage of the steam 50 
turbine and utilise this bled steam to 
operate means for forcing the said water 
into the boiler. Steam turbine operation 
with a bleeder system increases the 
internal efficiency and permits decreasing 
the size of the cooling condenser equip- 
ment since said equipment need only be 
of sufficient size to handle the steam pass- 
ing from the steam turbine. Heretofore 
the tremendous weight of apparatus using 70 
a steam plant, and particularly those 
including a condenser were not to be 
thought of as motor ijower for aeroplanes* 
It is still another object of the invention 
to provide -a practical improved steam con- 75 
denser type of power slant adapted to be 
used for aeroplane propulsion. 

A further object of the invention is to 
provide an improved power plant of the 
character described comprising simple and 80 
novel arrangement of parts which shall 
form a compact, relatively lightweight 
apparatus* shall operate with very little 
attention requiring practically no skilled 
or expert supervision in operation, which 
shall reduce the vibratory stresses to a 
minimum, which shall be readily installed 
as a unitary structure, which shall be 
relatively inexpensive to manufacture and 
install, and practical and efficient to a 90 
high degree^ in use. 

Other objects of this invention will in 
part be obvious and in part hereinafter 
pointed out. 

The invention accordingly consists in 95 
the. features of construction, combinations 
of elements and arrangement of parts 
wMch wfitl be exemplified in the con- 
structions hereinafter described and of 
which the scope of application will "be iM 
indicated in the following claims. 

In the accompanying drawings,, m 
which is shown various possible illustra- 
tive embodiments of this invention^ 

1 is a di^rawnatic view showing ±05 
the general layout of We power plant units „< 
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Interconnected for practising the method 
embodying the invention. 

Fig. 2 m & plan view, partly diagram- 
matie, showing the several power plant 
g units arranged in axial alignment with 
the fuel combustion apparatus, boiler and 
interconnected units arranged for practis- 
ing' the improved method. - - - 
-Fig. 3 is a cross-sectional view showing 

£0 a novel compact arrangement of the rotary, 
apparatus parts of the units, concentric- 
ally positioned about the fuel combustion 
unit and boiler, and exposing 1 the interior 
construction of said units. 

4 k ' 3?%- 4 is an end view as- seen along lines" 

15 4—4 in Pig/ 3. 

Figs. 6, 6, 7 and 8 are cross-sectional 
views taken on lines S — 6j 6 — 6, 7 — 7, and 
8 — 8, respectively, in Jig. 3, and 

20 3Fi£. 9 is a detailed cross-sectional view 
showing the means for supporting the. 
inner feed water supply tube within the 
outer steam tube and also showing the 
nozzle construction for spraying the feed 

25 water against the inner surface of the 
outer tube* 

A novel power plant embodying this 
invention now to be described in detail 
includes in combination a gas turbine and 

30 a bleeder or extraction type of steam tur- 
bine, the unit being 1 so arranged a& to 
form an efficient power plant for aero- 
planes, automobiles, and other purposes 
where an exceptionally light weight prime 

35 mover is desired. The principle idea of 
operating the improved power plant is && 
follows; 

A reduction of the temperature of the 
gases to be used as medium for converting 

40 heat energy into mechanical energy in 
the gas turbine is obtained by extracting 
a certain amount of heat per unit volume 
of the g&s in the combustion chamber and 
converting this heat by means of a steam 

45 boiler and a bleeder type of steam turbine 
into available mechanical energy. This 
reduction of temperature of the gases i& 
essential and vital to the efficient and 
practical operation of the gas turbine 

50 since the materials forming the parts of 
the gaa turbine are not capable of satis- 
factorily withstanding the excessive initial 
temperature of the gases in the combus- 
^ tion chamber. The method here used of 

65 reducing the temperature of the combus- 
tion gases for operating the gas turbine 
departs from the usual methods now em- 
ployed in the arts, since heretofore, the 
reduction of the temperature has been 

60 obtained by -introducing excess air, steam 
.or waters to the combustion chamber. 
Under this, usual method of reducing the 
temperature a gaa turbine operates -at a 

' very low thermal efficiency, - whereas the 
power plant in the preuent invention 



which required no excess air, or 
water, permits reduction of sizeS^^ 
weight of apparatus yet operSw 
efficiently* >w 

The use of the bleeder or extraction ^tfc. i 
type of turbine reduces considerably the " 
weight of condenser necessary to condense 
- the steam, the latter being bled offi from | 
the turbine at one of the high pressure 
stages. The extracted steam is used to 75 
operate an injector for feeding the con- 
densed water back into the boiler. 

The improved power plant may be 
adapted to burn crude oil xn a combustion 
chamber which is set within a helical tube 8& 
boiler of the pifcte or flash type. The gas 
turbine receives the gases from the boiler, 
and the steam turbine is connected to the. 
boiler, A turbine type of air compressor 
supplies air to the combustion chamber 85 
and the injector receives steam bled from 
the steam turbine for feeding condensed 
water passing from the condenser. The 
power generated by the turbines may be 
delivered to a propeller through a gear 9^ 
transmission. It is to be understood that 
mechanisms for automatically controlling 
the steam, air, oil and water supply of any 
standard, well understood construction 
may be provided on the power plant units, 95 

STow referring to the drawing, Fig. lj 
10 denotes, an improved layout of inter- 
connected power-plant unita in which the 
novel method for converting the energy of 
continuously burning fuel into mechanical 
energy embodying the invention, may be 
earned out- The power plant units 10 
here shown comprise a suitable fluid pres- 
sure generator, such as a steam boiler IX, 
of the flash or hot plate type, a multi- 105 
stage turbine having a high pressure stage 
12 and a lower pressure stage 13. A con- 
denser 14 taking the exhaust steam from 
the lower pressure turbine stage 13 is 
arranged adjacent the turbine 12* The 
condensed water from the condenser 14 is ; 
fed back to the boiler 11 through an 
injector 15, the latter being operated by 
steam fed from the high pressure stage 12. 

For heating the boiler, liquid fuel, such 115 
as crude oil, may be used and supplied 
from » convenient source 16 to a suitable ' 
burner 17 of any conventional make. 

The partially cooled gase* of combustion 120 
leaving the boiler are passed through a 
gas turbine 18 which supplements the 
available poweT or mechanical energy 
generated by the steam turbine portions 
12 and 13, the power, generated being J2& 
utilized through a suitable -transmission 
10. Connected to turn with the rotary 
parts of the units there is a blower or com- 
pressor 20 which supplies air to, the oil 
burner 17 and to a combustion chamber 435 
(shown in Fig, 8) within the boiler. 
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In Fig. 2 a practical layout of power 
plant units 10, partly diagrammatic, is 
shown which includes an electric motor 
drive 21 connected with the burner equip- 
5 ment* A reduction gearing, indicated at 
22, is shown connecting the power trans- 
mission 19 with an aeroplane propeller 23. 
■ Referring now to Figs. 3 to 9* inclusive,, 
a novel compact combination apparatus- 
10 HO ie shown constructed to embody the 
invention. Said apparatus 110 has the 
rotary parts of the units, concentrically 
arranged about the fuel combustion cham- 
ber 24 and boiler 11 which form an 
15 internal stator structure for the equipment 
shown* Said stator structure is enclosed 
in a horizontally disposed cylindrical cas- 
ing 25 which has its flat and circular 
shaped ends 25a and 25b axially supported 
20 on spaced and aligned fixed shafts 26 and 
27, respectively. The outer surface of 
the cylinder 26 has fixed thereto an 
annular shell 26* which carries along one 
end portion, radially outward extending 
25 stationary blades 18a of the gas-turbine 
unit 18 ; along the mid-portion thereof, 
the radially outward extending stationary 
blades 12a and 13a of the high and low 
pressure steam turbine stages 12 and 13. 
gO respectively : and at the other end portion 
of said shell 26\ the radially outward 
extending stationary blades 20a of the air 
compressor 20. The channel 25c between 
the casing 25 and shell 26* forms a pas- 
36 eage for air, steam and water conduits 
arranged in the manner hereinafter 
described* 

An external rotor structure is seen to 
form an enclosure, surrounds the stator 

40 structure of the^ improved combustion 
apparatus 110, said enclosure comprising 
a horizontally disposed cylindrical shell 
casing 28, supported at its opposite ends 
by disc plates 29 and 30. Tne shell cas- 

45 ing 28 is concentrically positioned with 
respect to the annular shell 26 l and carries 
gas turbine, high and lower pressure 
steam turbine and air blower runners or 
blades 18b, 12b, 13b and 20b, respectively, 

00- complementary to said stationary blades 
18a, 12a, 13a and 20a, respectively* 

The discs 29, and 30 are mounted for 
revolving the ' shell casings 28 on the 
_ shafts 26 and 27, respectively, through 

55 suitable bearings, which preferably are of 
the anti-friction type, such 'as ball-bear- 
ings 31 and 32, respectively* The shaft 
26 is fixedly supported on a stanchion 88 
and the shaft 27 is supported within a 

60 sleeve 30a extending axially outward from 
the disc 30* The sleeve 3Pa may be sup- 
ported upon a suitable fixed base (not 
shown) through a bearing, also -preferably 

„ of the anti-friction type, suob as ball- 

TO bearing &L 



The fuel combustion chamber 24 which 
extends axially partially the length of the 
stator structure has one end 24a connected 
with the oil burner equipment through a 
passage 17a, said passage being formed in 
the shaft 26 as shown in Figs. 3 and 4* 
The opposite end 24b of said chamber is 
provided with > constricting baffle 86, 
burrounding the chamber 24 and extend- 
ing throughout the length of the stator 75 
structure, there is provided closely wound 
sets of concentrically arranged boiler 
tubes 36 spaced to provide communicat- 
ing passages or flues 37 between each set 
of tubes. There is also provided a group 80 
of closely wound boiler tubes 38 between 
the end 24b of the chamber and a parti- 
tion 25d* Said tubes 38 connect with the 
tubes 36 and serve as a superheater for the 
steam generated in the tubes 36, The 85 
passages 37 through which the gases of 
combustion pass from the chamber 24 
extend through the superheater tube 38 
and to and fro lengthwise the stator 
between the sets of tubes 36 as indicated 90 
by the arrowy shown in Fig. 3. Said pas- 
sages 37 terminate in inlets 89 at the gas 
turbine nozzles 40 for supplying the gases 
of combustion passing to the gas turbine 
18, said gases after passing through the 95 
turbine blades 18a and 18b being 
exhausted at outlets 41. Thug the con- 
tinuously burning fuel in the chamber 24 
provides a heating medium for the super- 
heater tubes 38 and the boiler tubes 86, 100 
and the gases of combustion passing said 
tubes after being greatly reduced in tem- 
perature are delivered to the turbine 
Blades 18a and 18b for generating power- 

The boiler 11 comprising the tubes 36 105 
and 38 is of the flash or hot plate type, 
and may b© constructed As shown in Pigs. 
3, 8 and 9* The boiler tubes 36 are seen 
to comprise an outer helically wound pipe 
36a and a perforated inner helically 110 
wound pipe 36b extended centrally 
through said pipe 36a. The inner pipes 
36b are supported within the pipes 36a in 
a substantially concentric position by any- 
suitable means, as for example by spaced 115 
spiders 36c, the latter being made slightly 
smaller than the internal diameter of the 
pipes 36a to facilitate the assemble or 
removal of the pipes 36b. i«o 

The ends of the pipes 36b are end 
capped at 36d, adjacent the partition 26e, 
inwardly from the casing end 26a as 
shown in Fig* 3* The other ends of the 
pipes 36b of each set of tubes 36 may be im 
interconnected by a manifold 42 which 
through a pipe 48 communicates with a 
feed water conduit 44, the latter extend- 
ing through the channel 25c between cas- 
ing 25 and shell 26\ " This manifold con- lgc 
nection is located in the space 25f between m 
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the -partition 25d and the easing end 35b 
as is clearly shown in Pigs. 3 and 6. 

The water fed through the inner pips 
36b passes through spaced perforations 3 tie 
• g provided in the inner pipe 36b said per- 
forations being preferably tangentially 
extending (see 9} for spraying the 

water against the inner heated surface of 
the outer surrounding pipes 36a* Thus 
the feed water will be flashed into steam 
which will pass through the pipes 36a into 
a header 45 and through pipe 46 into the 
inlet ends 38a of superheated tubes 38, 
JFrom the outlet ends 38b of the super- 
4g heated tubes 38, the steam passes through 
%v a pipe 47 to a live steam conduit 48* in 
the channel 25c. The conduit 48 com- 
municatee with nozzles 49 at the inlets of 
the high pressure turbine stage 12, see 
Figs. 3 and 8. After acting on the blades 
12a and 12b, the steam passes through 
the outlet SO, and hence part of the steam 
into the inlet 51 of the low pressure tur- 
bine 13, A ring gland packed bearing 52 
gg is extending from the rotor shell casing 28 
separates the steam turbine in a high and 
law pressure turbine. The steam passing 
from the outlet 63 of lie steam turbine 
enters the ecsiausfc conduit- 64 and passes 
30 through the passage 55 formed in the 
shaft 26 to the condenser 14. 

A steam bleeder conduit communicates 
with the outlet end 50 of the high pres- 
sure steam turbine 12- Said conduit 56 
35 through a passage 5T extending through 
the shaft 26 connects with the injector 15. 
The steam bled from the high pressure 
turbine is used by the injector to force the 
condensed water coming from the con- 
'40 denser 14 into the boiler 11 in the well 
understood manner. ^ ' 

The blower or air compressor 20 has 
inlet openings 29a formed in the rotor 
end plates 29. The air after being com- 
°W pressed passes through the outlet 58 into 
a channel conduit 59 and then through a 
pipe 59a is conducted into the combustion 
chamber 24 by means of a passage G£L 
Another passage 61 extends through the 
-SO shaft 26 for supplying air to the oil 
burner 17 for vaporising the liquid fuel 
sprayed through passage 17a into the com- 
bustion chamber 24. 
A suitable ring packed bearing 63 may 
fth be provided to extend from the rotor cas- 
ing 28 for separating %he steam turbine 
12 from the air compressor 20, A ring 
ghhi& packed bearing 64 may also be pro- 
vided lor 'separating- the steam turbine 13 
60 from the gas turbine 18. It .should be 
noted that the turbines are positioned rela- 
tive each other so that the outlet 53 of the 
steam turbine 13 is adjacent to the outlet? 
~ 41 of "the g&s 'turbine' 18, thus the ring 
'gland bearing 64 is subjected "to a mini- 



mum difference of pressure.. In a like 
manner, the gland bearing 63 of the higk 
pressure steam inlet is positioned adjacent 
the outlet end 58 of the air compressor, so 
as to subject packed bearing 63 to a mini- ^ 
mum difference of pressure. 

Suitable valves b2 of any form which 
are open when stationary and closed if 
rotated may be provided for opening the 
interior of the apparatus to the atnio- 75, 
sphere. 

The operation of the apparatus 110 will 
now be apparent. From a conveniently 
positioned source corresponding to Itf 
shown in Figs. 1 and 2, crude oil is sup- gg 
plied to the burner 17. Said oil may oe 
conditioned for efficient combustion by 
mixing same with air supplied through 
passage 61. The oil is sprayed into the 
combustion chamber 24 and burnt under gs> 
pressure in the air supplied through pas- 
sage 60 from the compressor 20. The 
gases of combustion leaving the chamber 
24 pass through the superheater and flues 
37 between the boiler tubes 36 in the 6{£ 
direction indicated by arrows in Fig. 3. 
The superheater and boiler extract neat 
from said gases so that the temperature of 
the latter is dropped km about 3800° C. 
to approximately 1100° G. While inuch 95, 
difficulty is experienced in building gas 
turbines to satisfactorily withstand opera- 
tion with gases at 180d° at 1100° C„ 
as in the apparatus here provided 3 such 
difficulties can be practically eliminated. i£X> 
The combustion gases at reduced tem- 
perature pass nest to the turbine nozzle 
40 and through the blades 18a and 18!) 
converting much of the heat energy in 
the gases into available mechanical energy 105. 
in turning the rotor. The temperature 
of the gases exhausted at the turbine out- 
lets 41 will be lowered to approximately 
200° C. 

The steain generated in the boiler tubes no 
36 is superheated in tubes 38 and passes, 
to and through the high pressure stage 12, 
to the outlet 50. Next the steam passes 
to the low pressure turbine stage inlet 51, 
through tbie low pressure stage 13 to the 
outlet 53* Before "the steam passes to the 
low pressure stage, about 8u% of the 
steam flowing is bled' off into conduit 56, 
through passage 57 ah the shaft 26 to the 
injector 15. 

If the boiler is operated at 800 lbs. 
pressure per square incB., the steam bled 
from the turbine wiH Be about 200 lbs- 
pressure per square inch. This bled steam isst 
is expanded in the injector 15 ta force the 
condenser water back into the boiler. 

The exhaust steam passes from the low 
stage turbine outlet 53, through channel 
ctoduit 54 and the passage 55 in the shaft 
26 to the condenser 14. Said condenser 
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msij be of relatively small size since in the by and extending between the stator and 
present arrangement it is required to rotor forming the steam turbine, and 
Handle only about 20% of the steam means connecting the boiler with said 45 
generated, the remainder being "bled off turbine. 
^ a& described above and returned to the 3* A power plant according to claim 1, 
boiler by the injector 15. The energy including an external rotor surrounding 
attracted from the steam is transmitted to the stator, a plurality of sets of cooperat- 
the rotor and together with that produced ing means carried by and extending 50 
by the gas turbine IB is made available between the stator and rotor forming a 
through the extension sleeve 30a which gay, and a &team turbine, steam connecting 
connected with the propeller 23 through aneana between the boiler and ateam tur~ 
fehe transmission 19 and gears 22. It i s bine, and gas connecting means "between 
contemplated with the power plant herein the boiler and the gas turbine. 55 
„ described to operate the units^ so that the m 4. A power plant according to claim 3, 
£5 gas turbine 18 normally provides at least including a set of cooperating means 
40% of the total power generated. carried by and extending between the 

The air supply is furnished by the tur- stator and rotor from an air compressor, 
bine type air compressor 20 having an and means connecting the air compressor qq 
inlet at 29a and outlets through passages to the boiler, 
£»q 60 and 61 to the combustion chamber 24 5. A power plant according to claim 2, 
and oil burner IT, respectively, as has including steani-opemting mean& for feed- 
been described above, the air pressure in ing w ater *° boiler, and means for 
said chamber 24 being preferably main- bleeding the turbine to provide frteam for §5 
tained to correspond to several atnio- said water feeding means. 
3>5 spheres, 8, A power plant according to claim 1, 

It will now be seen that there is pro- including a flash boiler construction hav- 
vided devices in which the several objects ing an outer steam tube, an inner water 
of this invention are achieved and which tube, means for supporting the water tube 70 
are well adapted to meet the conditions of substantially concentric within the steam 
3J practical use. tube and spaced tangentially positioned 

Having now particularly described and perforations in said water tube where- 
ascertained the nature of our said inven- through the water is sprayed against the 
tion and in what manner the same is to inner surface of the steam tube. 75 
be performed, we declare that what we 7. A power plant substantially as 
35 claim is : — - shown, described and for the purpose set 

1. In a power plant of the character forth* 
described* the combination of a boiler and Dated this 5th day of February. 1931* 
^ turbine, said boiler having means ITor the Applicants, 
thereon serving as a stator for the turbine . FBAKK DEHST & Co., 

<§0 m 2. A power plant according to claim 1, Chartered Patent Asrenla. 

including an external rotor surrounding Kingsway House, 103. Kingsway London, 
"the stator, and cooperating means carried "W.C. 2. 
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